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(57) ABSTRACT

The display device with high detection accuracy includes:
display pixel electrodes; a common electrode; a display func-
tion layer; a display control circuit performing image display
control by applying a pixel voltage to each of the display pixel
electrodes and applying a common drive voltage to the com-
mon electrode, the common drive voltage inverting in syn-
chronization with a drive cycle of the image display control;
a touch detection electrode cooperating with the common
electrode to form a capacitor; and a touch detection circuit
detecting an external proximity object, based on a detection
signal obtained from the touch detection electrode in
response to the common drive voltage applied to the common
electrode. The touch detection circuit performs the detection
operation in a inversion period following an inversion timing
of'the common drive voltage, based on both first and second
detection signals obtained before and after the inversion tim-
ing, respectively.

14 Claims, 22 Drawing Sheets

DETECTION WAVEFORM (Vdet)
IH PERIOD

© -+---- F ---------------------- ov

1H PERIOD

DETECTION WAVEFORM (Vdet:DURING WHITE WRITING)

AtAAE 1y peRioD

H
PERIOD
DETECTION WAVEFORM (Vdet;DURING BLACK WRITING)

AtAALE 4 perioD

——= TIME



U.S. Patent Sep. 22, 2015

E2
Sg ' 2 —>
J_&L 22 (01)
7D
(
El
FIG. 1A
¢
2%
Sg ‘2 —>

©1)

(A) Vdet

Sheet 1 of 22

US 9,140,922 B2

Sg _IZ‘; :
DET
il ®
01Vdet :
[ 1]
FIG. 1B
A I 02
PR g

(B) Sg

(Veom)

FIG. 3




US 9,140,922 B2

Sheet 2 of 22

Sep. 22, 2015

U.S. Patent

L
\

¥ 914

|

J

NONONN N

NONON N

VLA WLLL L LD VLl d e

,\z_mwN

T2 AR 777 T 7277 A CZZZ7Z A 40,

~9

LLLLLLLLLLLLLL L L LLL, \\}\M#g

LLLLLYL L L L Ll L f LLLLYLLLLLLLL L

< SSKKKEKXXN

<<

S S

////7//‘V///

D,

AN AN AN

. < LN,

AN
L L L VAR 4

OSNONNNNANN RN S NS NN
L_ZL L A4 3

(29)




U.S. Patent Sep. 22, 2015 Sheet 3 of 22 US 9,140,922 B2

Vcom

SCANNING
DIRECTION

44
43D

)

(

FI1G.5

431

433

S
Vdet
434

435

k77¢777777¢7
432

436




US 9,140,922 B2

Sheet 4 of 22

Sep. 22, 2015

U.S. Patent

|
_
o} |
_
|
_
_

99I4
;
19 Tyor1ods
TOMIND
ONIWI L
TRl
e (R
- | 7 A ¢ Nf<_ o1 1038 |
4= 3oPA[s|ls|ls s w_ T0LNOD |

NOI123S NOI1D3S NOI13dS
ON1 LOVHLIXT [={YN| SS3J04d ={NOISY¥3ANOD
J1VNIQY009 TYNDIS a/v
= = =
G8 ¥8 €8
S i
8



U.S. Patent Sep. 22, 2015 Sheet 5 of 22 US 9,140,922 B2

(C)

FIG. 7

(B)

434



US 9,140,922 B2

Sheet 6 of 22

Sep. 22, 2015

U.S. Patent

d01d3d Hi arv V1V

(ONTLIYM MOV ONINNG:IPA) WHO43AYM NOILD3L13A

@0143d HI GV V1V

(ONTLI¥M JLIHM BN1YNA:I9PA) WHO4IAVM NOILD313a

0143d Hi

e
(0143d Hi
(33PA) WYO43AYM NOI1103130

—

<

!
e — r—

ONTLIUM JLIHM BN

1
I
'
1
)
)
]
[}
i

1
1
i
5
1
1
i
1
1
|

ONILIYM YOV9 DNIYUNG KHOJIAVA TWNDIS TaX|d

d4na w

v viv

HO43AVM TVNOIS 13X d

001434:60143d
CHL O OHL

.

.................. - W)

WooA 40 NOISHIANI



U.S. Patent Sep. 22, 2015 Sheet 7 of 22 US 9,140,922 B2

Vdet
AtA AtB y~

Ath AtB
' Vdet

i
|
)
}
|
1

—— DURING WHITE WRITING
----- DURING BLACK WRITING

AtA AtB

— TIME

F1G. 10



U.S. Patent Sep. 22, 2015 Sheet 8 of 22 US 9,140,922 B2

Ath AtB Vdet

----- DETECTION WAVEFORM
(INCLUDING NOISE)

—— WAVEFORM AFTER
NOISE ELIMINATION

AtA AtB

— TIME

FIG. 11



U.S. Patent

Sep. 22, 2015

Sheet 9 of 22

(  START )

US 9,140,922 B2

S11

OBTAIN VAO, VBO (DETECTION VALUES), AND

VB1 (DATA BASED ON

EXPERIMENT VALUE)

S12

CALCULATE AVB BASED ON AVB=(VB0O-VB1)

S13

OBTAIN AVA BY USING EXPRESSION DEFINED

BY AVA=f(AVB) OR LUT DEFINING RELATIONSHIP

BETWEEN AVB AND AVA

S14

OBTAIN VA1l BASED

ON VA1=(VAO-AVA)

S15

COMPARE MAGNITUDE OF

AND DETECT FACT SUCH AS PRESENCE OR ABSENCE

OF TOUCH BY OBJECT

VA1 WITH THAT OF Vth,

D

FI1G. 12



U.S. Patent

Sep. 22, 2015 Sheet 10 of 22

( START )

US 9,140,922 B2

S21

OBTAIN VBO (DETECTION VALUE), AND
VB1 (DATA BASED ON EXPERIMENT VALUE)

S22

CALCULATE A VB BASED ON AVB=(VB0O-VBI)

S23

OBTAIN VA1 BY USING EXPRESSION DEFINED BY
VA1=f (AVB) OR LUT DEFINING RELATIONSHIP

BETWEEN AVB AND AVAl

S24

COMPARE MAGNITUDE OF VA1 WITH THAT OF Vth,

AND DETECT FACT SUCH AS PRESENCE OR
ABSENCE OF TOUCH BY OBJECT




U.S. Patent Sep. 22, 2015 Sheet 11 of 22 US 9,140,922 B2

START
S31

OBTAIN VAO AND VBO (DETECTION VALUES)

532

OBTAIN VAl BY USING EXPRESSION DEFINED BY
VA1=f (VAO, VBO)=(VAO— o X VBO) OR LUT DEFINING
RELATIONSHIP AMONG VAO, VBO, AND VAL

533

COMPARE MAGNITUDE OF VA1l WITH THAT OF Vth,
AND DETECT FACT SUCH AS PRESENCE OR ABSENCE
OF TOUCH BY OBJECT

END

FIG. 14

DETECTION BY
DETECTION | DETECTION USING METHOD
IN AtB IN AtA OF PRESENT
EMBOD | MENT
Vdet
(DURING WHITE WRITING) 1.00 1.00 1.00
Vdet
(DURING BLACK WR!ITING) 1.50 1.20 1.01

FIG. 15



US 9,140,922 B2

Sheet 12 of 22

Sep. 22, 2015

U.S. Patent

91 914

dl

EOO> M —N
#fvvyv/:VvV\yxﬁT

“ [ e 220 V2272773 2777 B227 E 720 27 127 4 |l 74 \\\LQ\INN
1 CCOTEH S ITED «<ITITD  « ITET <OIUtm  «ofote, @ OITTH  «oTrress <0

A AT A AT AN

/A\ SN SONNANNSNANNNNS SIONONSNNNNNN OV //Mv\./ .vv

Z L 2L < WA AR 4 Z L Z

_ ASNNNNOMNANNNNANNN NN NNANNN //\;Nﬁé

4))



US 9,140,922 B2

Sheet 13 of 22

Sep. 22, 2015

U.S. Patent

acLl 9id

000

I;llllgll

| MMINELEET [

7”?’!!'!’!

I O O O R
[ I I Ao |
L0 M -+~ <v
-IQIIIIQQEWW(NN
Il
. Ill;lIlEl .

'_—-

TTTTTTTTF

A
14

VLI 914

w
LN NN N ™
NS SN\

A
A A W A v A R VA




US 9,140,922 B2

Sheet 14 of 22

Sep. 22, 2015

U.S. Patent

a8l ol4

(ALTHW @311ddY S| 3BVLI0A N3HM

V8l D14

(OIVIE @3177ddv SI J9VLTI0A ON NIHM

P

4 \ .
7




U.S. Patent Sep. 22, 2015 Sheet 15 of 22 US 9,140,922 B2

D
b

FIG. 19A

0000000
6o0o0000OO
booooOO
6000000
000000
Go0o0OQOC
oo0o00OO0
o000 0O0
o000 OC
booooOO
@Q@O@@?

;
N
\
N
N
N

7 o e e e e e

23—
431

FIG. 198




US 9,140,922 B2

Sheet 16 of 22

Sep. 22, 2015

U.S. Patent

0¢ 9i4

ol

NONON NN

M 1z
NENEN V%QMNTN

L7227, 2L L7777 77777 7777722227, Z ST TONIA ¢A\J
4 A 223 227770 C2227773 Y2277 B2 322272 \;B\/NN

SOOI NNUNSOINN SN NN SN SN N

SO SOUSNNANNNNN

SANENANRNEAN

N N N N Y

L Lo L L L L L ,;\)—..v

L. Z.

()

PP TP 77777777777 \\,\\/\f\ﬁ\f)wﬁ
: : : : o



US 9,140,922 B2

YALTE

ai

J

NANANANANANANANANANE

LLLLLLLLL L LLL. L L LLLLD

Sheet 17 of 22

S

SONS AN NN NN NN ANNANNNNNNNN]

/\\\ Z, LLLLLLL L LT LL L L ZL LLLLLLLL,
N

N N N N
N\ N N\ \ N h

A4

L Z VAR AR

Sep. 22, 2015

U.S. Patent

(€9

L~V
144 b

14



U.S. Patent Sep. 22, 2015 Sheet 18 of 22 US 9,140,922 B2

FI1G. 22




U.S. Patent Sep. 22, 2015 Sheet 19 of 22 US 9,140,922 B2

Veon

SCANNING
DIRECTION

FIG. 23




U.S. Patent Sep. 22, 2015 Sheet 20 of 22 US 9,140,922 B2

512
510

511

FIG. 25A

FI1G. 25B




US 9,140,922 B2

Sheet 21 of 22

Sep. 22, 2015

U.S. Patent

FIG. 26

F1G. 27



US 9,140,922 B2

Sheet 22 of 22

Sep. 22, 2015

U.S. Patent

D8¢ 914
OLL 0¢L
38¢ 914 | 09L 8z 9I4
0LL \M 0zl
omh\\\\llll A

f #nﬂ%@
0¢L olLL

0L
0¢L48¢ 914

0L




US 9,140,922 B2

1
DISPLAY DEVICE AND ELECTRONIC UNIT

The present application claims priority to Japanese Patent
Application JP 2009-120222 filed in the Japanese Patent
Office on May 18, 2009, the entire content of which is hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device such as a
liquid crystal display device, and particularly relates to a
display device which includes a capacitance type touch sen-
sor and into which information can be input with a touch by a
user’s finger or the like, and to an electronic unit having such
a display device.

2. Description of the Related Art

In recent years, attention has been given to a display unit in
which a contact detection device (hereinafter, referred to as a
touch sensor) generally called a touch panel is directly
mounted on a liquid crystal display device and causes the
liquid crystal display device to display various buttons for
input of information in stead of providing typical buttons.
Amid a trend towards an increase in the size of a screen on a
mobile device, this technique enables an arrangement com-
mon to a display and buttons, bringing about great advantages
such as space savings and a reduction in the number of com-
ponents. However, this technique has such a problem that the
thickness of the entire liquid crystal module is increased
because the touch sensor is mounted. In particular, when this
technique is applied to a mobile device, it is necessary to
provide a protection layer so as to prevent scratches on the
touch panel and therefore, there is such a problem that the
thickness ofthe liquid crystal module tends to be larger, going
against a trend towards a reduction in thickness.

Japanese Unexamined Patent Application Publication No.
2008-9750 and U.S. Pat. No. 6,057,903 each propose a liquid
crystal display element with a capacitance type touch panel,
whose thickness is reduced. In this type, a conductive film for
the touch panel is provided between a substrate on an obser-
vation side of the liquid crystal display element and a polar-
izing plate for observation arranged on an outer surface of the
substrate on the observation side, and the capacitance type
touch panel is formed between the conductive film for the
touch panel and an outer surface of a polarizing plate so that
this outer surface of the polarizing plate is used as a touch
face.

SUMMARY OF THE INVENTION

However, in the liquid crystal display element with the
touch panel disclosed in each of Japanese Unexamined Patent
Application Publication No. 2008-9750 and U.S. Pat. No.
6,057,903, itis theoretically necessary for the conductive film
for the touch panel to have an electric potential identical to
that of a user, and it is necessary for the user to be properly
grounded. Therefore, unlike application to stationary televi-
sion receivers supplied with external power from outlets or
the like, it is practically difficult to apply the liquid crystal
display element with the touch panel to mobile devices.
Moreover, in the technique described above, it is necessary to
bring the conductive film for the touch panel extremely close
to the user’s finger and therefore, an area where the conduc-
tive film for the touch panel is to be disposed is restricted; for
instance, it is difficult to dispose the conductive film for the
touch panel in, for example, a portion deep inside the liquid
crystal display element. In other words, flexibility in design is
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low. Moreover, in the technique described above, it is struc-
turally necessary to provide circuit sections such as a touch
panel drive section and a coordinate detection section inde-
pendently of a display drive circuit section of the liquid crys-
tal display element, making it difficult to integrate the circuits
of the device as a whole.

It is conceivable that a touch detection electrode may be
newly provided so that a capacitor is formed between the
touch detection electrode and a common electrode that is
originally provided to apply a drive voltage for display (a
display device provided with a capacitance type touch sensor
having a new configuration). This capacitor changes depend-
ing on the presence or absence of a touch by an object.
Therefore, when the drive voltage for display applied to the
common electrode by a display control circuit is also used as
adrive signal for the touch sensor, a detection signal in accor-
dance with the change of the capacitor is obtained from the
touch detection electrode. When this detection signal is input
into a predetermined touch detection circuit, it is possible to
detect the presence or absence of the touch by the object.
Further, according to this technique, it is possible to obtain a
display device with a touch sensor suitable for application to
mobile devices in which the potential of a user is often
unsteady and also, it is possible to obtain a display device with
atouch sensor designed in a highly flexible manner according
to the type of a display function layer. Moreover, this tech-
nique provides such an advantage that a circuit for display and
acircuit for the sensor are readily integrated on a single circuit
board, making circuit integration easy.

However, in the display device with the capacitance type
touch sensor like those described in Japanese Unexamined
Patent Application Publication No. 2008-9750 and U.S. Pat.
No. 6,057,903 as well as that according to the new configu-
ration described above, there is such a problem that when a
pixel signal (image signal) is written into a display element of
each pixel, noise resulting from this writing operation is
added to a detection signal.

Therefore, in U.S. Pat. No. 6,057,903, a transparent con-
ductive layer (shield layer) is provided between the touch
panel and the display element in order to prevent a malfunc-
tion (detection error) due to noise caused by an image-signal
writing operation. By maintaining the conductive layer at a
fixed potential, it is possible to shield the noise coming from
the display element.

In this technique however, because a large capacitor is
formed between a detection signal line and the shield layer,
there is such a problem that a detection signal obtained from
the detection signal line is greatly attenuated or the capacity
of'a drive line is largely increased, so that a power consump-
tion and the like swells to a great extent.

Meanwhile, in the display device provided with the capaci-
tance type touch sensor having the new configuration, since a
position is detected by using a writing waveform in the dis-
play panel, it is conceivable that it may be difficult to remove
or eliminate the noise resulting from the image-signal writing
operation by providing a shield layer in an effective display
area.

As described above, in the display device with the capaci-
tance type touch sensor of the past, it is difficult to improve the
accuracy of detecting an object by eliminating the noise
resulting from the image-signal writing operation without
using the shield layer.

In view of the foregoing, it is desirable to provide a display
device that includes a capacitance type touch sensor and is
capable of improving the accuracy of detecting an object
without using a shield layer, and also to provide an electronic
unit having such a display device.
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According to an embodiment of the present invention,
there is provided a display device that includes: a plurality of
display pixel electrodes; a common electrode facing the dis-
play pixel electrodes; a display function layer having an
image display function; a display control circuit performing
image display control by applying a pixel voltage to each of
the display pixel electrodes and applying a common drive
voltage to the common electrode, the common drive voltage
inverting in synchronization with a drive cycle of the image
display control; a touch detection electrode cooperating with
the common electrode to form a capacitor; and a touch detec-
tion circuit performing a detection operation of detecting an
external proximity object, based on a detection signal
obtained from the touch detection electrode in response to the
common drive voltage applied to the common electrode,
wherein the touch detection circuit performs the detection
operation in a inversion period following an inversion timing
of the common drive voltage, based on both a first detection
signal obtained before the inversion timing and a second
detection signal obtained after the inversion timing.

An electronic unit according to an embodiment of the
present invention includes a display device with a touch sen-
sor. The display device includes: a plurality of display pixel
electrodes; a common electrode facing the display pixel elec-
trodes; a display function layer having an image display func-
tion; a display control circuit performing image display con-
trol by applying a pixel voltage to each of the display pixel
electrodes and applying a common drive voltage to the com-
mon electrode, the common drive voltage inverting in syn-
chronization with a drive cycle of the image display control;
a touch detection electrode cooperating with the common
electrode to form a capacitor; and a touch detection circuit
performing a detection operation of detecting an external
proximity object, based on a detection signal obtained from
the touch detection electrode in response to the common drive
voltage applied to the common electrode, wherein the touch
detection circuit performs the detection operation in a inver-
sion period following an inversion timing of the common
drive voltage, based on both a first detection signal obtained
before the inversion timing and a second detection signal
obtained after the inversion timing.

In these display device and electronic unit, the capacitor is
formed between the common electrode that is originally pro-
vided to apply the common drive voltage and the touch detec-
tion electrode that is newly provided. This capacitor varies
depending on the presence or absence of a touch by the object.
Therefore, by using the common drive voltage, which is
applied to the common electrode by the display control cir-
cuit, also as a touch sensor drive signal, the detection signal in
accordance with the change of the capacitor is obtained from
the touch detection electrode. By inputting the obtained
detection signal into the touch detection circuit, the position
touched by the object (a factor such as the presence or absence
of'the touch by the object) is detected. Here, the touch detec-
tion circuit performs the detection operation in the inversion
period following the inversion timing of the common drive
voltage inverting in synchronization with the drive cycle of
the image display control, based on both the first detection
signal obtained before the inversion timing and the second
detection signal obtained after the inversion timing. Thus, itis
possible to perform the detection operation in the inversion
period following the inversion, while eliminating the effect of
the noise (post-inversion noise), which is included in the
detection signal following the inversion as a result of the
operation of writing the image signal performed during the
image display control before the inversion.
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According to these display device and electronic unit, the
position touched by the object is detected based on the detec-
tion signal obtained from the touch detection electrode
according to the change of the capacitor, and the touch detec-
tion circuit performs the detection operation in the inversion
period following the inversion timing of the common drive
voltage, based on both the first detection signal obtained
before the inversion timing and the second detection signal
obtained after the inversion timing. Accordingly, itis possible
to perform the detection operation in the inversion period
following the inversion while eliminating the effect of the
post-inversion noise, without using the existing shield layer.
Therefore, it is possible to improve the accuracy of objection
detection in the display device having the capacitance type
touch sensor, without using the shield layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams for explaining an opera-
tional principle of a display device with a touch sensor
according to an embodiment of the present invention, and
illustrating a finger-untouched state.

FIGS. 2A and 2B are diagrams for explaining the opera-
tional principle of the display device with the touch sensor
according to the embodiment of the present invention, and
illustrating a finger-touched state.

FIG. 3 is a diagram for explaining the operational principle
of the display device with the touch sensor according to the
embodiment of the present invention, and illustrating an
example of a waveform of a drive signal and an example of a
waveform of a detection signal of the touch sensor.

FIG. 41is a cross-sectional diagram that schematically illus-
trates a configuration of a display device with a touch sensor
according to a first embodiment of the present invention.

FIG. 5 is a perspective diagram that illustrates a configu-
rational example of a main part (a common electrode and a
detection-electrode-for-sensor) of the display device illus-
trated in FIG. 4.

FIG. 6 is a circuit diagram that illustrates a configurational
example of a detection circuit etc. in the display device illus-
trated in FIG. 4.

FIG. 7 is a schematic diagram that illustrates an example of
line-sequential operation driving of the common electrode.

FIG. 8 is a timing-waveform diagram for explaining noise
caused by an image-signal writing operation performed at the
time of detection operation in the display device.

FIG. 9 is a timing-waveform diagram for explaining the
relationship between a detection signal waveform and a
detection period.

FIG. 10 is a timing-waveform diagram that illustrates an
example of each of a detection signal waveform in white
writing and a detection signal waveform in black writing, in
the times before and after a common driving signal inverts.

FIG. 11 is a timing-waveform diagram that illustrates an
example of each of a detection signal waveform including the
noise and a detection signal waveform succeeding elimina-
tion of the noise, in the times before and after a common
driving signal inverts.

FIG. 12 is a flowchart that illustrates an example of the
detection operation in the detection circuit illustrated in FIG.
6.

FIG. 13 is a flowchart that illustrates another example of
the detection operation in the detection circuit illustrated in
FIG. 6.

FIG. 14 is a flowchart that illustrates yet another example
of'the detection operation in the detection circuit illustrated in
FIG. 6.
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FIG. 15 is a table that indicates examples of the difference
between the detection signal value in white writing and that in
black writing, which varies depending on the detection
method.

FIG. 16 is a cross-sectional diagram that schematically
illustrates a configuration of a display device with a touch
sensor according to a second embodiment of the present
invention.

FIGS. 17A and 17B are a cross-sectional view and a plan
view that illustrate details on a configuration of a part of a
pixel substrate in the display device illustrated in FIG. 16,
respectively.

FIGS. 18A and 18B are enlarged perspective diagrams of a
main part of the display device illustrated in FIG. 16.

FIGS. 19A and 19B are cross-sectional diagrams for
explaining an operation of the display device illustrated in
FIG. 16.

FIG. 20 is a cross-sectional diagram that schematically
illustrates a configuration of a display device with a touch
sensor according to a modification of the second embodi-
ment.

FIG. 21 is a cross-sectional diagram that schematically
illustrates a configuration of a display device with a touch
sensor according to another modification of the second
embodiment.

FIG. 22 is a perspective diagram that illustrates a configu-
ration of a main part (a common electrode and a detection-
electrode-for-sensor) of a display device with a touch sensor
according to Modification 1 of the present invention.

FIG. 23 is a perspective diagram that illustrates a configu-
ration of a main part (a common electrode and a detection-
electrode-for-sensor) of a display device with a touch sensor
according to Modification 2 of the present invention.

FIG. 24 is a perspective external view of a display device
according to Application example 1 of the above-described
embodiments and the like, when viewed from the front.

FIGS. 25A and 25B are perspective external views of a
display device according to Application example 2 of the
above-described embodiments and the like, when viewed
from the front and the back, respectively.

FIG. 26 is a perspective external view of Application
example 3.

FIG. 27 is a perspective external view of Application
example 4.

FIGS. 28A through 28G are a front view, a side view, a
front view in a closed state, a left-side view, a right-side view,
a top view, and a bottom view of Application example 5,
respectively.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
below in detail with reference to the drawings. Incidentally,
the description will be provided in the following order.

Basic Principle of Touch Detection System

1. First embodiment (an example of post-inversion object
detection using a detection value preceding an inversion of
Vcom)

2. Second embodiment (an example using a liquid crystal
element in a lateral-electric-field mode as a display element)

3. Modifications (Modifications 1 and 2: examples having
other configurations of a common electrode and a detection-
electrode-for-sensor)

4. Application examples (examples of application of a dis-
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[Basic Principle of Touch Detection System ]

First, with reference to FIGS. 1A to 3, the basic principle of
a touch detection system in a display device with a touch
sensor according to the embodiments will be described. This
touch detection system is realized as a capacitance type touch
sensor. For example, as illustrated in FIG. 1A, a pair of
electrodes (a drive electrode E1 and a detection electrode E2),
which are disposed to face each other with a dielectric D
interposed in between, are used to configure a capacitor ele-
ment C1. This system is also illustrated in FIG. 1B as an
equivalent circuit. The capacitor element C1 is configured by
the drive electrode E1, the detection electrode E2, and the
dielectric D. Of the capacitor element C1, one end is con-
nected to an AC signal source (drive signal source) S, and the
other end P is grounded through a resistance R and connected
to a voltage detector (detection circuit) DET. When an AC
rectangular wave Sg (Part (B) of FIG. 3) with a predetermined
frequency (for example, approximately several kHz to ten-
odd kHz) is applied from the AC signal source S to the drive
electrode E1 (the one end of the capacitor element C1), an
output waveform (detection signal Vdet) as illustrated in Part
(A) of FIG. 3 appears in the detection electrode E2 (the other
end P of the capacitor element C1). Incidentally, this AC
rectangular wave Sg corresponds to a common drive signal
Vcom, which will be described later.

In a finger-untouched state, as illustrated in FIGS. 1A and
1B, when charge/discharge is performed on the capacitor
element C1, a current 10 in accordance with a capacity value
of'the capacitor element C1 flows. At this moment, the wave-
form of an electric potential of the other end P in the capacitor
element C1 is like, for example, a waveform V0 in Part (A) of
FIG. 3, and this is detected by the voltage detector DET.

On the other hand, in a finger-touched state, as illustrated in
FIGS. 2A and 2B, a capacitor element C2 formed by a finger
is added in series to the capacitor element C1. In this state,
when charge/discharge is performed on the capacitor ele-
ments C1 and C2, currents 11 and 12 flow, respectively. At this
moment, the waveform of an electric potential of the other
end P in the capacitor element C1 is like, for example, a
waveform V1 in Part (A) of FIG. 3, and this is detected by the
voltage detector DET. At this time, the electric potential at the
other end P is a divided electric potential defined by the values
of the currents 11 and 12 flowing through the capacitor ele-
ments C1 and C2, respectively. Therefore, the waveform V1
becomes a value smaller than that of the waveform V0 in the
untouched state. As will be described later, the voltage detec-
tor DET compares the detected voltage with a predetermined
threshold voltage Vth. When the detected voltage is equal to
or larger than the threshold voltage Vth, the voltage detector
DET determines that it is in the untouched state. On the other
hand, when the detected voltage is smaller than the threshold
voltage Vth, the detector DET determines that it is in the
touched state. In this manner, it is possible to perform the
touch detection.

[1. First Embodiment]
[Configurational Example of a Display Device 1]

FIG. 4 illustrates a cross sectional configuration of a main
part of the display device 1 with a touch sensor according to
a first embodiment of the present invention. In the display
device 1, a liquid crystal display element is used as a display
element, a part of an electrode (a common electrode 43, which
will be described later) that is originally provided in this
liquid crystal display element and a drive signal for display
(common drive signal Vcom, which will be described later)
are used, thereby a capacitance type touch sensor is config-
ured.
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As illustrated in FIG. 4, the display device 1 includes a
pixel substrate 2, an opposed substrate 4 facing the pixel
substrate 2, and a liquid crystal layer 6 inserted between the
pixel substrate 2 and the opposed substrate 4.

The pixel substrate 2 includes a TFT (thin film transistor)
substrate 21 serving as a circuit substrate and a plurality of
pixel electrodes 22 disposed in a matrix form on the TFT
substrate 21. In addition to a display driver and TFTs, which
are not illustrated, for driving each of the pixel electrodes 22,
wirings such as a source line that supplies a pixel signal to
each ofthe pixel electrodes 22 and a gate line that drives each
of the TFTs are formed in the TFT substrate 21. Moreover, in
the TFT substrate 21, a detection circuit 8 (FIG. 6) that per-
forms touch detection operation, which will be described
later, may also be formed.

The opposed substrate 4 includes a glass substrate 41, a
color filter 42 formed on one surface of this glass substrate 41,
and a common electrode 43 formed on this color filter 42. In
the color filter 42, for example, color filter layers of three
colors, red (R), green (G), and blue (B) are aligned in a cycle,
and a set of three colors of R, G and B is assigned to each
display pixel (pixel electrode 22). The common electrode 43
is also used as a detection-electrode-for-sensor forming a part
of'the touch sensor performing the touch detection operation,
and corresponds to the drive electrode E1 in FIG. 1A.

The common electrode 43 is coupled to the TFT substrate
21 with a contact conductive pillar 7. The common drive
signal Vcom (i.e., a common drive voltage) having an AC
rectangular waveform is applied from the TFT substrate 21 to
the common electrode 43 through the contact conductive
pillar 7. The common drive signal Vcom defines the pixel
voltage applied to the pixel electrode 22 as well as a display
voltage of each of the pixels, and is also used as the drive
signal for the touch sensor. The common drive signal Vcom
corresponds to the AC rectangular wave Sg supplied from the
drive signal source S in FIGS. 1A and 1B. In other words, the
common drive signal Vcom inverts at every predetermined
cycle.

On the other surface of the glass substrate 41, a detection-
electrode-for-sensor 44 (touch detection electrode) is formed.
Moreover, on this detection-electrode-for-sensor 44, a polar-
izing plate 45 is disposed. The detection-electrode-for-sensor
44 forms a part of the touch sensor, and corresponds to the
detection electrode E2 in FIG. 1A.

The liquid crystal layer 6 modulates light passing through
the liquid crystal layer 6, in accordance with the state of the
electric field, and is configured of a liquid crystal in any of
various modes such as TN (twisted nematic), VA (vertical
alignment), and ECB (electrically controlled birefringence).

Alignment films are respectively disposed between the
liquid crystal layer 6 and the pixel substrate 2 and between the
liquid crystal layer 6 and the opposed substrate 4. Although a
polarizing plate on a light incident side is disposed below the
pixel substrate 2, its illustration is omitted in the figure.

FIG. 5 is a perspective diagram that illustrates a configu-
rational example of the common electrode 43 and the detec-
tion-electrode-for-sensor 44 in the opposed substrate 4. In
this example, the common electrode 43 is divided into a
plurality of stripe-shaped electrode patterns (here, six com-
mon electrodes 431 through 436 are taken as an example)
extending in the right-and-left direction of the figure. With a
driver 43D, the common drive signal Vcom is sequentially
supplied to each of the electrode patterns, and line-sequential
scanning driving is time-divisionally performed as will be
described later. On the other hand, the detection-electrode-
for-sensor 44 includes a plurality of stripe-shaped electrode
patterns extending in a direction orthogonal to the extending
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direction of the electrode patterns in the common electrode
43. The detection signal Vdet is output from each of the
electrode patterns in the detection-electrode-for-sensor 44,
and input into the detection circuit 8 illustrated in FIG. 6.
[Example of the Circuit Configuration Including the Drive
Signal Source S and the Detection Circuit 8]

FIG. 6 illustrates an example of the circuit configuration
including the drive signal source S illustrated in FIG. 1B and
the detection circuit 8, together with a timing control section
9 serving as a timing generator. Capacitor elements C11
through C16 illustrated in FIG. 6 respectively correspond to
(electrostatic) capacitor elements formed between the com-
mon electrodes 431 through 436 illustrated in FIG. 5 and the
detection-electrode-for-sensor 44.

The drive signal source S is provided for each of the capaci-
tor elements C11 through C16, and includes a SW control
section 11, two switching elements 12 and 15, two inverter
circuits 131 and 132, and an operational amplifier 14. The SW
control section 11 controls on and off states of the switching
element 12, thereby controlling the state of connection
between a power source +V and the inverter circuits 131 and
132. An input terminal of the inverter circuit 131 is connected
to one end of the switching element 12 (a terminal opposite
the power source +V) and an output terminal of the inverter
circuit 132. An output terminal of the inverter circuit 131 is
connected to an input terminal of the inverter circuit 132 and
an input terminal of the operational amplifier 14. Thus, the
inverter circuits 131 and 132 function as an oscillation circuit
that outputs a predetermined pulse signal. The operational
amplifier 14 is connected to two power sources +V and V.
According to a timing control signal CTL1 supplied by the
timing control section 9, on and off states of the switching
element 15 is controlled. Specifically, with the switching
element 15, one end (on the common electrodes 431 through
436 side) of each of the capacitor elements C11 through C16
is connected to an output terminal of the operational amplifier
14 or a ground. Thus, the common drive signal Vcom is
supplied from the drive signal source S to the capacitor ele-
ments C11 through C16.

The detection circuit 8 (voltage detector DET) includes an
amplifying section 81, an A/D (analog to digital) conversion
section 83, a signal processing section 84, a coordinate
extracting section 85, and the resistance R mentioned earlier.
Incidentally, an input terminal Tin of the detection circuit 8 is
connected to and shared by the other end (on the detection-
electrode-for-sensor 44 side) of each of the capacitor ele-
ments C11 through C16.

The amplifying section 81 amplifies the detection signal
Vdet input from the input terminal Tin, and includes an opera-
tional amplifier 811 that amplifies a signal, two resistances
812R and 813R, and two capacitors 812C and 813C. A posi-
tive input terminal (+) of the operational amplifier 811 is
connected to the input terminal Tin, and an output terminal of
the operational amplifier 811 is connected to an input termi-
nal of the A/D conversion section 83 which will be described
later. One end of each of the resistance 812R and the capacitor
812C is connected to an output terminal of the operational
amplifier 811, while the other end of each of the resistance
812R and the capacitor 812C is connected to a negative input
terminal (-) of the operational amplifier 811. Further, one end
of'the resistance 813R is connected to the other end of each of
the resistance 812R and the capacitor 812C, while the other
end of the resistance 813R is connected to a ground via the
capacitor 813C. Thus, the resistance 812R and the capacitor
812C function as a low-pass filter (LPF) that cuts a high-
frequency component and allows a low-frequency compo-
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nent to pass, and the resistance 813R and the capacitor 813C
function as a high-pass filter (HPF) that allows the high-
frequency component to pass.

The resistance R is arranged between a connection point P
on a side where the positive input terminal (+) of the opera-
tional amplifier 811 is provided and a ground. The resistance
R maintains a stable state by avoiding floating of the detec-
tion-electrode-for-sensor 44. This provides such an advan-
tage that in the detection circuit 8, instability or fluctuation of
the signal value of the detection signal Vdet is avoided and at
the same time, static electricity is dissipated to the ground via
the resistance R.

The A/D conversion section 83 converts the detection sig-
nal Vdet, in analog form, amplified in the amplifying section
81, into a digital detection signal, and includes a comparator
not illustrated. The comparator compares the electric poten-
tial of the input detection signal to that of the predetermined
threshold voltage Vth (see FIG. 3). Incidentally, sampling
timing at the time of A/D conversion in the A/D conversion
section 83 is controlled by a timing control signal CTL2
supplied by the timing control section 9.

The signal processing section 84 applies predetermined
signal processing (for example, processing for digitally elimi-
nating noise, and processing for converting frequency infor-
mation into position information) to the digital detection sig-
nal output from the A/D conversion section 83. The signal
processing section 84 also performs predetermined arith-
metic processing for eliminating an effect of noise (post-
inversion noise) caused by an image-signal writing operation,
which will be described in detail later.

The coordinate extracting section 85 obtains a detection
result (whether there is a touch or not, and coordinates of a
touched position when there is the touch) based on the detec-
tion signal (detection signal after elimination of the post-
inversion noise) output from the signal processing section 84,
and outputs the detection result from an output terminal Tout.

Incidentally, the detection circuit 8 thus configured, may be
formed in a peripheral region (a non-display region or frame
region) on the opposed substrate 4. Alternatively, the detec-
tion circuit 8§ may be formed in a peripheral region on the pixel
substrate 2. However, when the detection circuit 8 is formed
on the pixel substrate 2, the detection circuit 8 and various
circuit elements for display control or the like originally
formed on the pixel substrate 2 are integrated, and this is
preferable from the viewpoint of simplification of the circuit
realized by the integration. In this case, each of the electrode
patterns in the detection-electrode-for-sensor 44 and the
detection circuit 8 on the pixel substrate 2 are connected with
a contact conductive pillar (not illustrated in the figure) simi-
lar to the contact conductive pillar 7, and the detection signal
Vdet may be transmitted from the detection-electrode-for-
sensor 44 to the detection circuit 8.

[Operation and Effect of the Display Device 1]

Now, the operation and effect ofthe display device 1 will be
described.

(Basic Operation)

In the display device 1, a display driver (not illustrated in
the figure) of the pixel substrate 2 line-sequentially supplies
the common drive signal Vcom to each of the electrode pat-
terns (such as the common electrodes 431 through 436) in the
common electrode 43. The display driver also supplies the
pixel signal (image signal) to the pixel electrode 22 through
the source line, and line-sequentially controls switching of
the TFT in each of the pixel electrodes through the gate line,
in synchronization with this supply of the pixel signal.
Thereby, the electric field is applied to the liquid crystal layer
6 for each pixel, in the longitudinal direction (direction per-
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pendicular to the substrate) defined by the common drive
signal Vcom and each of the pixel signals, and the liquid
crystal state is modulated. In this manner, the display is per-
formed with so-called inversion driving.

On the other hand, on the opposed substrate 4 side, the
capacitor element C1 (the capacitor elements C11 through
C16) is formed at each intersection portion of each of the
electrode patterns in the common electrode 43 and each of the
electrode patterns in the detection-electrode-for-sensor 44.
Here, for example, as illustrated in Part (A) through Part (C)
of FIG. 7, when the common drive signal Vcom is time-
divisionally sequentially applied to each of the electrode pat-
terns in the common electrode 43, the charge/discharge is
performed on each of the capacitor elements C11 through
C16 of one line formed at the intersection portion of the
electrode pattern in the common electrode 43, to which the
common drive signal Vcom is applied, and each of the elec-
trode patterns in the detection-electrode-for-sensor 44. As a
result, the detection signal Vdet with the magnitude in accor-
dance with the capacity of the capacitor element C1 is output
from each of the electrode patterns in the detection-electrode-
for-sensor 44. In a state in which the user’s finger is not in
contact with the surface of the opposed substrate 4, the mag-
nitude of this detection signal Vdet is approximately constant.
A line of the capacitor elements C1 to be charged/discharged
is line-sequentially shifted by the scanning with the common
drive signal Vcom.

Incidentally, when each of the electrode patterns in the
common electrode 43 is line-sequentially driven as described
above, it is preferable to perform the line-sequential driving
operation by binding a part of the electrode patterns in the
common electrode 43, as illustrated in FIG. 7. To be more
specific, a driving line L. configured of this part of the elec-
trode patterns includes a detection driving line .1 configured
of plural lines of the electrode patterns and a display driving
line [.2 made of a few lines (here, one line) of the electrode
patterns. This makes it possible to suppress deterioration of
image quality due to appearance of lines and spots in accor-
dance with the shapes of the electrode patterns in the common
electrode 43.

Here, when the user’s finger touches any place on the
surface of the opposed substrate 4, the capacitor element C2
by the finger is added to the capacitor element C1, which is
originally formed in the touched place. As a result, the value
of the detection signal Vdet at the time when that touched
place is scanned (i.e. when the common drive signal Vcom is
applied to the electrode pattern corresponding to that touched
place, among the electrode patterns of the common electrode
43) becomes smaller than the detection signals Vdet of other
places. The detection circuit 8 (FIG. 6) compares this detec-
tion signal Vdet with the threshold voltage Vth. When the
detection signal Vdet is smaller than the threshold voltage
Vith, the detection circuit 8 determines that place as the
touched place. This touched place can be determined based
on the timing for applying the common drive signal Vcom,
and the timing for detecting the detection signal Vdet which is
smaller than the threshold voltage Vth.

In this manner, in the display device 1 with the touch sensor
according to the present embodiment, the common electrode
43, which is originally provided in the liquid crystal display
element, is also used as one of the pair of electrodes (the drive
electrode and the detection electrode) for the touch sensor. In
addition, the common drive signal Vcom serving as the dis-
play drive signal is also used as the drive signal for the touch
sensor. Thus, in the capacitance type touch sensor, only the
detection-electrode-for-sensor 44 is provided as a newly-pro-
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vided electrode, and it is unnecessary to newly provide a drive
signal for the touch sensor. Therefore, the configuration is
simple.

Also, in the display device with the touch panel of the
related art (Japanese Unexamined Patent Application Publi-
cation No. 2008-9750), the magnitude of a current flowing
through a sensor is accurately measured, and a touched posi-
tion is determined through analogue computation, based on
that measured value. On the other hand, in the display device
1 according to the present embodiment, the present or
absence of the relative change in the current (change of the
electric potential) in accordance with the presence or absence
of the touch is digitally detected and thus, it is possible to
improve the detection accuracy with the simple configuration
of the detection circuit. Moreover, the capacitor is formed
between the common electrode 43, which is originally pro-
vided for the application of the common drive signal Vcom,
and the detection-electrode-for-sensor 44, which is newly
provided, and the touch detection is performed by utilizing
the change of this capacitor resulting from the touch by the
finger of the user. Thus, the display device with the touch
panel of the present embodiment can be applied to a mobile
device in which the electric potential of a user is often
unsteady.

Further, since the detection-electrode-for-sensor 44 is
divided into the plurality of electrode patterns, and each of the
plurality of electrode patterns is individually time-division-
ally driven, the touched position can be detected.

(Operation of Featuring Part; Detection Operation Using
Noise Eliminating Processing)

Next, with reference to FIG. 8 through FIG. 15, the detec-
tion operation using the noise eliminating processing, which
is one of the features of the present embodiment, will be
described in detail.

First, as illustrated in Part (A) of FIG. 8, when the common
drive signal Vcom undergoes an inversion in synchronization
with a driving cycle (1H period of image signal) used during
image display control like those illustrated in Parts (B) and
(C) of FIG. 8, the detection waveform of the detection signal
Vdet results as illustrated in Parts (D) through (F) of FIG. 8.
In other words, the detection signal Vdet inverts in synchro-
nization with the above-mentioned inversion, and the signal
value gradually attenuates after inverting due to a leakage
current flowing into the resistance R described above. Inci-
dentally, for convenience of the description, the detection
waveforms in FIG. 8 (Parts (D) through (F)) are illustrated on
assumption that an effect of post-inversion noise has been
removed or eliminated.

At this moment, when pixel-signal (image-signal) writing
such as white writing and black writing as illustrated in Part
(B) and Part (C) of FIG. 8 is performed, noise resulting from
this writing is included in the detection waveform of the
detection signal Vdet as illustrated, for example, in Part (E)
and Part (F) of FIG. 8. Specifically, the 1H period includes a
non-writing period AtA during which the image signal is not
applied and a writing period AtB during which the image
signal is applied, and a change of the detection waveform
occurs during the writing period AtB according to a tone level
of'the pixel signal. In other words, according to the tone level
of'the (post-inversion) image signal at that moment, the post-
inversion noise caused by the post-inversion image signal, as
indicated by arrows in Part (E) and Part (F) of FIG. 8, is
included in the detection waveform of the detection signal
Vdet. To be more specific, the post-inversion noise in phase
with the common drive signal Vcom is included at the time of
black writing, whereas the post-inversion noise in opposite
phase with the common drive signal Vcom is included at the
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time of write writing. In this way, during the writing period
AtB, the detection waveform of the detection signal Vdet
changes according to the tone level of the pixel signal due to
the post-inversion noise and thus, it is difficult to distinguish
such a change from the change (Part (A) of FIG. 3) in the
detection waveform caused by a factor such as the presence or
absence of the touch by the object.

Meanwhile, for example, as illustrated in F1G. 9, during the
non-writing period AtA that corresponds to the time imme-
diately after the common drive signal Vcom inverts, the
amount of a voltage change due to the touch by the object is
extremely large as compared to that in the writing period AtB.
Therefore, from the viewpoint of removing the component of
the change in the detection waveform caused by the factor
such as the presence or absence of the touch by the object and
isolating this component from the noise eliminating process-
ing, it is preferable that the A/D conversion section 83 in the
detection circuit 8 obtain the detection signal preceding the
inversion, which will be described later, at the time immedi-
ately after this inversion. Further, considering that a detection
sensitivity to the factor such as the presence or absence of the
touch by the object is high and an effect of the post-inversion
noise which will be described later is small, it is desirable that
the detection operation following the inversion, which will be
described later, be performed at the time (non-writing period
AtA) before beginning of the operation of writing the image
signal which is performed after that inversion.

Here, in fact, as illustrated in FIG. 10, the noise caused by
the image signal included in the detection signal preceding
the inversion (i.e. pre-inversion noise; corresponding to an
electric potential difference AVB in the figure) also results as
the post-inversion noise during the non-writing period AtA in
the detection signal after the inversion. In other words,
according the magnitude of the electric potential difference
AVB corresponding to the pre-inversion noise (i.e. an electric
potential according to the tone level of the pixel signal pre-
ceding the inversion), the magnitude of an electric potential
difference AVA corresponding to the post-inversion noise is
defined. Theoretically, the electric potential difference AVA
is equal to the electric potential difference AVB, and the
amount of the change at the time of the inversion remains
constant. However, it often happens that writing noise equal
to or larger than a theoretical value is included before the
inversion, as a result of a waveform delay that occurs due to a
delay of the detection signal Vdet or addition of a noise filter
or the like (not illustrated). For this reason, there is a case
where the electric potential difference AVA is not equal to the
electric potential difference AVB, and it is necessary to per-
form processing using an equation such as AVA=f(AVB)ora
reference table etc.

Therefore, in the present embodiment, for example, as
illustrated in FIG. 11, the objection detection in which the
above-described noise is eliminated is performed in the signal
processing section 84 and the coordinate extracting section
85 within the detection circuit 8. Specifically, in the detection
circuit 8, before and after the inversion of the common drive
signal Vcom, the detection operation following the inversion
is performed using the detection signal Vdet preceding the
inversion. More specifically, the signal processing section 84
obtains, based on the detection signal Vdet preceding the
inversion, a noise-eliminated signal (i.e., a noise-eliminated
detection signal) in which there is removed or eliminated the
post-inversion noise, which is included in the detection signal
Vdet succeeding the inversion, as a result of the operation of
writing the image signal which is performed before that inver-
sion. Subsequently, the coordinate extracting section 85 per-
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forms the detection operation following the inversion, by
using the noise-eliminated signal.

Hence, it is possible to perform the detection operation in
the inversion period following the inversion, while eliminat-
ing the effect of the noise (post-inversion noise), which is
included in the detection signal Vdet following the inversion
as a result of the operation of writing the image signal which
is performed before the inversion.

Here, as illustrated in FIG. 11, there are defined: electric
potentials VB0 and VB1 in the detection signal Vdet preced-
ing the inversion (i.e., a first detection signal), which are
electric potentials before and after noise elimination, respec-
tively; electric potentials VA0 and VA1 in the detection signal
Vdet following the inversion (i.e. a second detection signal),
which are electric potentials before and after the noise elimi-
nation, respectively; and the above-mentioned electric poten-
tial differences AVB and AVA. Then, the detection circuit 8
can perform the objection detection in which the noise is
eliminated, by using, for example, methods (Method 1
through Method 3) as illustrated FIG. 12 through FIG. 14.
(Method 1)

To begin with, in Method 1 illustrated in FIG. 12, at first,
there are obtained: the electric potentials VA0 and VBO (de-
tection values) before and after the inversion, respectively,
which are the electric potentials before the noise elimination;
and the electric potential VB1 (data based on an experiment
value) before the inversion, which is the electric potential
after the noise elimination (step S11). Subsequently, based on
the obtained electric potentials VB0 and VBI1, there is deter-
mined, by using an operation expression defined by AVB=
(VB0-VB1), a pre-inversion noise (potential difference)
AVB that is included in the detection signal preceding the
inversion as a result of the operation of writing the image
signal which is performed before the inversion (step S12).
Next, based on the determined pre-inversion noise AVB, a
post-inversion noise (potential difference) AVA that corre-
sponds to the post-inversion noise is determined (step S13).
This post-inversion noise (potential difference) AVA is deter-
mined by using a predetermined operation expression defined
by AVA=f(AVB) or a predetermined LUT (lookup table) that
defines the relationship between AVB and AVA. Subse-
quently, by subtracting this post-inversion noise AVA from
the electric potential VAO obtained in step S11 (i.e.
VA1=VA0-AVA), the electric potential VA1 of the noise-
eliminated signal is obtained (step S14). And then, by com-
paring the magnitude of the electric potential VA1 of the
noise-eliminated signal with that of a predetermined thresh-
old voltage Vth, the detection operation following the inver-
sion (detection of a fact such as the presence or absence of the
touch by the object) is performed (step S15).

(Method 2)

In Method 2 illustrated in FIG. 13, at first, there are
obtained: the electric potential VB0 (detection value) preced-
ing the inversion, which is the electric potential before the
noise elimination; and the electric potential VB1 preceding
the inversion, which is the electric potential after the noise
elimination (step S21). Subsequently, based on the obtained
electric potentials VB0 and VBI1, by using an operation
expression defined by AVB=(VB0-VB1), the pre-inversion
noise (potential difference) AVB is determined (step S22).
Next, based on the determined pre-inversion noise AVB, the
electric potential VA1 of the noise-eliminated signal is deter-
mined (step S23). This electric potential VA1 of the noise-
eliminated signal is determined by using a predetermined
operation expression defined by VA1=f(AVB) or a predeter-
mined LUT (lookup table) that defines the relationship
between AVB and VA1. And then, by comparing the magni-
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tude of the electric potential VA1 of the noise-eliminated
signal with that of the predetermined threshold voltage Vth,
the detection operation following the inversion (detection of
the fact such as the presence or absence of the touch by the
object) is performed (step S24).

(Method 3)

In Method 3 illustrated in FIG. 14, at first, there are
obtained: the electric potential VA0 (detection value) after the
inversion, which is the electric potential before the noise
elimination; and the electric potential VB0 (detection value)
before the inversion which is the electric potential before the
noise elimination (step S31). Subsequently, based on the
obtained electric potentials VA0Q and VB0, the electric poten-
tial VA1 of the noise-eliminated signal is determined (step
S32). This electric potential VA1 of the noise-eliminated sig-
nal is determined by using a predetermined operation expres-
sion defined by VA1=f(VA0, VB0)=(VA0-axVB0), where c.
is a predetermined coefficient, or a predetermined LUT
(lookup table) that defines the relationships among VA0,
VB0, and VA1. And then, by comparing the magnitude of the
electric potential VA1 of the noise-eliminated signal with that
of the predetermined threshold voltage Vth, the detection
operation following the inversion (detection of the fact such
as the presence or absence of the touch by the object) is
performed (step S33).

Here, FIG. 15 illustrates examples of the difference
between the detection signal value at the time of white writing
and that at the time of black writing, which varies depending
on the detection method. As illustrated in FIG. 15, as com-
pared to a detection result in the writing period AtB and a
detection result in the writing period AtA, the detection result
obtained by using the method of the present embodiment
described so far is smaller in the difference between the
detection signal value at the time of white writing and that at
the time of black writing. Specifically, the difference between
the detection signal values in the detection during the writing
period AtB and that in the detection during the writing period
AtA are 0.50V and 0.20V, respectively, whereas the differ-
ence between the detection signal values in the detection
employing the method of the present embodiment is 0.01V.

As described above, in the present embodiment, the posi-
tion touched by the object is detected based on the detection
signal Vdet obtained from the touch detection electrode
according to the change of the capacitor, and also the detec-
tion circuit 8 performs the detection operation in the inversion
period following the inversion by using the detection signal
Vdet preceding the inversion in the common drive signal
Veom. Therefore, it is possible to perform the detection
operation in the inversion period following the inversion
while eliminating the effect of the post-inversion noise, with-
out using a shield layer like those used in the past. Accord-
ingly, it is possible to improve the accuracy of the object
detection in the display device having the capacitance type
touch sensor, without using a shield layer.

[2. Second Embodiment]

Next, a second embodiment of the present invention will be
described. The second embodiment differs from the above-
described first embodiment in that a liquid crystal element in
a lateral-electric-field mode is used as a display device.
[Example of the Configuration of a Display Device 1B]

FIG. 16 illustrates a cross-sectional configuration of amain
part of the display device 1B with a touch sensor according to
the present embodiment. FIGS. 17A and 17B illustrate details
on the configuration of a pixel substrate (pixel substrate 2B
that will be described later) in the display device 1B. FIG.
17A is a cross sectional view of the configuration, while 17B
is a plan view of the configuration. FIGS. 18A and 18B
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schematically illustrate the perspective configuration of the
display device 1B. Incidentally, in these figures, the elements
identical to those of the first embodiment are indicated by the
same reference characters as those of the first embodiment,
and some of the description of these elements will be omitted
as appropriate.

The display device 1B includes a pixel substrate 2B, an
opposed substrate 4B facing the pixel substrate 2B, and a
liquid crystal layer 6 inserted between the pixel substrate 2B
and the opposed substrate 4B.

The pixel substrate 2B includes a TFT substrate 21, a
common electrode 43 disposed on the TFT substrate 21, and
pixel electrodes 22 disposed in a matrix form on the common
electrode 43 via an insulating layer 23. In addition to a display
driver and TFTs, which are not illustrated, for driving each of
the pixel electrodes 22, wirings such as a signal line (source
line) 25 that supplies a pixel signal to each of the pixel
electrodes 22 and a gate line 126 that drives each of the TFTs
are formed in the TFT substrate 21 (FIGS. 17A and 17B).
Moreover, in the TFT substrate 21, a detection circuit 8 (FIG.
6) that performs touch detection operation also is formed. The
common electrode 43 is also used as a detection-electrode-
for-sensor that forms a part of the touch sensor performing the
touch detection operation. The common electrode 43 corre-
sponds to the drive electrode E1 in FIG. 1A.

The opposed substrate 4B includes a glass substrate 41, a
color filter 42 formed on one surface of the glass substrate 41.
On the other surface of the glass substrate 41, a detection-
electrode-for-sensor 44 is formed. Moreover, on this detec-
tion-electrode-for-sensor 44, a polarizing plate 45 is dis-
posed. The detection-electrode-for-sensor 44 forms a part of
the touch sensor, and corresponds to the detection electrode
E2 in FIG. 1A. As illustrated in FIG. 5, the detection-elec-
trode-for-sensor 44 is divided into the plurality of electrode
patterns. The detection-electrode-for-sensor 44 may be
directly formed on the opposed substrate 4B by a thin-film
forming process, or may be indirectly formed on the opposed
substrate 4B. In this case, the detection-electrode-for-sensor
44 may be formed on an unillustrated film substrate, and the
film substrate on which the detection-electrode-for-sensor 44
is formed may be attached to a surface of the opposed sub-
strate 4B. Further, in this case, the film substrate can be
attached, not only between the glass substrate 41 and the
polarizing plate 45, but also to a top surface of the polarizing
plate 45. Furthermore, the detection-electrode-for-sensor 44
may be formed within a film that configures the polarizing
plate 45.

A common drive signal Vcom having an AC rectangular
waveform is applied from the TFT substrate 21 to the com-
mon electrode 43. The common drive signal Vcom defines a
pixel voltage applied to the pixel electrode 22 as well as a
display voltage of each of the pixels, and is also used as the
drive signal for the touch sensor. The common drive signal
Vcom corresponds to the AC rectangular wave Sg supplied
from the drive signal source S in FIGS. 1A and 1B.

The liquid crystal layer 6 modulates light passing through
the liquid crystal layer 6, and is configured of a liquid crystal
in a lateral-electric-field mode such as FFS (fringe field
switching) mode and IPS (in-plain switching) mode.

The configurations of the common electrode 43 in the pixel
substrate 2B and the detection-electrode-for-sensor 44 are,
for example, similar to those illustrated in FIG. 5. The com-
mon electrode 43 and the detection-electrode-for-sensor 44
are each formed as a plurality of electrode patterns, and the
electrode patterns of the common electrode 43 and those of
the detection-electrode-for-sensor 44 in the opposed sub-
strate 4B are formed to extend while crossing each other.
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Now, with reference to FIGS. 18A and 18B, more details
will be described. In the liquid crystal element of FFS mode
as indicated here, the pixel electrode 22 patterned in a comb
shape is disposed on the common electrode 43 formed on the
pixel substrate 2B, with the insulating layer 23 in between,
and an alignment film 26 covering the pixel electrode 22 is
formed. Between this alignment film 26 and an alignment
film 46 on the opposed substrate 4B side, the liquid crystal
layer 6 is supported. Two polarizing plates 24 and 45 are
disposed in the state of cross-nichols. The rubbing direction
of the two alignment films 26 and 46 corresponds to the
transmission axis of one of the two polarizing plates 24 and
45. Here, the case where the rubbing direction corresponds to
the transmission axis of the polarizing plate 45 on the light
exit side is illustrated. Moreover, the rubbing direction of the
two alignment films 26 and 46 and the direction of the trans-
mission axis of the polarizing plate 45 are set approximately
parallel to the extending direction (longitudinal direction of
the comb) of the pixel electrode 22, in a range where the
turning direction of the liquid crystal module is defined.
[Operation and Effect of the Display Device 1B]

Next, the operation and effect of the display device 1B
according to the present embodiment will be described.
(Basic Operation)

First, with reference to FIG. 18A through FIG. 19B, the
display operation principle of the liquid crystal element in the
FFS mode will be briefly described. FIGS. 19A and 19B
illustrate enlarged cross-sections of the main part of the liquid
crystal element. FIG. 18A and FIG. 19A illustrate a state of
the liquid crystal element when no electric field is applied,
while FIG. 19A and FIG. 19B illustrate a state of the liquid
crystal element when the electric field is applied.

In the state where the voltage is not applied between the
common electrode 43 and the pixel electrode 22 (FIG. 18A
and FIG. 19A), the axis of liquid crystal molecules 61 of the
liquid crystal layer 6 is orthogonal to the transmission axis of
the polarizing plate 24 on the light incident side, and is par-
allel to the transmission axis of the polarizing plate 45 on the
light exit side. For this reason, incident light “h” transmitting
the polarizing plate 24 on the light incident side reaches the
polarizing plate 45 on the light exit side, without causing a
phase difference in the liquid crystal layer 6, and is absorbed
in the polarizing plate 45, thereby black is displayed. On the
other hand, in the state where the voltage is applied between
the common electrode 43 and the pixel electrode 22 (FIG.
18B and FIG. 19B), the alignment direction of the liquid
crystal molecules 61 is turned, in an oblique direction with
respect to the extending direction of the pixel electrode 22, by
a lateral electric field E generated between the pixel elec-
trodes. At this moment, the electric field intensity when white
is displayed is optimized so that the liquid crystal molecules
61 located approximately in the middle of the thickness direc-
tion of the liquid crystal layer 6 is turned about 45 degrees.
Thereby, the phase difference is caused in the liquid crystal
layer 6 while the incident light h transmits the liquid crystal
layer 6, after transmitting the polarizing plate 24 on the light
incident side. Thus, the incident light h becomes a straight-
line polarized light which is turned 90 degrees, and transmits
the polarizing plate 45 on the light exit side, thereby white is
displayed.

Next, the display control operation and the touch detection
operation of the display device 1B will be described. These
operations are similar to those in the first embodiment
described above and thus, some of the description will be
omitted as appropriate.

The display driver (not illustrated in the figure) in the pixel
substrate 2B line-sequentially supplies the common drive
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signal Vcom to each of the electrode patterns in the common
electrode 43. The display driver also supplies the pixel signal
to the pixel electrode 22 through the source line 25, and
line-sequentially controls the switching of the TFT in each of
the pixel electrodes via the gate line 126, in synchronization
with the supply of the pixel signal. Thereby, the electric field
is applied to the liquid crystal layer 6 for each of the pixels, in
the lateral direction (direction parallel to the substrate)
defined by the common drive signal Vcom and each of the
pixel signals, so that the liquid crystal state is modulated. In
this manner, the display is performed with the so-called inver-
sion drive.

On the other hand, on the opposed substrate 4B side, the
common drive signal Vcom is time-divisionally sequentially
applied to each of the electrode patterns in the common elec-
trode 43. Then, charge/discharge is performed on each of the
capacitor elements C1 (C11 through C16) of one line formed
at the intersection portion of the electrode pattern in the
common electrode 43, to which the common drive voltage
Vcom is applied, and each of the electrode patterns in the
detection-electrode-for-sensor 44. The detection signal Vdet
with the magnitude in accordance with the capacity of the
capacitor element C1 is output from each of the electrode
patterns in the detection-electrode-for-sensor 44. In the state
in which the user’s finger is not in contact with the surface of
the opposed substrate 4B, the magnitude of this detection
signal Vdet is approximately constant. When the user’s finger
touches any place on the surface of the opposed substrate 4B,
the capacitor element C2 by the finger is added to the capaci-
tor element C1 which is originally formed in the touched
place. As a result, the value of the detection signal Vdet when
that touched place is scanned becomes smaller than those in
other places. The detection circuit 8 (FIG. 6) compares this
detection signal Vdet with the threshold voltage Vth. When
the detection signal Vdet is smaller than the threshold voltage
Vth, the detection circuit 8 determines that place as the
touched place. This touched place is determined based on the
application timing of the common drive signal Vcom, and the
detection timing of the detection signal Vdet which is smaller
than the threshold voltage Vth.

As described above, according to the present embodiment,
as in the case with the above-described first embodiment, the
capacitance type touch sensor is configured such that the
common electrode 43 which is originally provided in the
liquid crystal display element is also used as one of the pair of
electrodes for the touch sensor, including the drive electrode
and the detection electrode, and the common drive signal
Vcom serving as the drive signal for display is also used as the
drive signal for the touch sensor. Therefore, only the detec-
tion-electrode-for-sensor 44 may be provided as a newly pro-
vided electrode and also, it is unnecessary to newly provide a
drive signal for the touch sensor. Accordingly, the configura-
tion is simple.

In the present embodiment as well, the detection circuit 8
described above for the first embodiment is provided and
thus, it is possible to achieve similar effects by similar opera-
tion to those in the first embodiment. In other words, it is
possible to improve the accuracy of the object detection in the
display device with the capacitance type touch sensor, with-
out using a shield layer.

In particular, in the present embodiment, since the common
electrode 43 serving as the drive electrode for the touch sen-
sor is arranged on the pixel substrate 2 side (on the TFT
substrate 21), it is extremely easy to supply the common drive
signal Vcom from the TFT substrate 21 to the common elec-
trode 43. At the same time, it is possible to concentrate nec-
essary circuits, electrode patterns, wirings and the like in the
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pixel substrate 2, thereby realizing circuit integration. There-
fore, there is no need to provide a supply path (contact con-
ductive pillar 7) for supplying the common drive signal Vcom
from the pixel substrate 2 side to the opposed substrate 4 side,
which is necessary in the first embodiment, and thus, the
configuration is further simplified.

Incidentally, as described above, since the common elec-
trode 43 serving as the drive electrode for the touch sensor is
provided on the pixel substrate 2B side and at the same time,
the source line 25 and the gate line 126 are provided on the
pixel substrate 2B, the configuration of the present embodi-
ment may be particularly susceptible to the effect of the
post-inversion noise. For this reason, in the display device 1B
of the present embodiment, an advantage resulting from the
implementation of the detection operation by eliminating the
effect of the post-inversion noise is particularly large.

Incidentally, although the detection circuit 8 (FIG. 6) may
be formed in a peripheral region (a non-display region or a
frame region) on the opposed substrate 4B, it is preferable to
form the detection circuit 8 in a peripheral region on the pixel
substrate 2B. When the detection circuit 8 is formed on the
pixel substrate 2B, the detection circuit 8 and various circuit
elements for display control and the like, which are originally
formed on the pixel substrate 2, can be integrated.
[Modifications of the Second Embodiment]

In the present embodiment, the detection-electrode-for-
sensor 44 is provided on the surface side (opposite to the side
facing the liquid crystal layer 6) of the glass substrate 41.
However, this may be modified as follows.

For example, as depicted in a display device 1C illustrated
in FIG. 20, the detection-electrode-for-sensor 44 may be pro-
vided on the liquid crystal layer 6 side, beyond the color filter
42, in an opposed substrate 4C.

Alternatively, as depicted in a display device 1D illustrated
in FIG. 21, the detection-electrode-for-sensor 44 may be pro-
vided between the glass substrate 41 and the color filter 42, in
an opposed substrate 4D. In the lateral-electric-field mode,
when the electrode is present in the vertical direction, the
electric field is applied in the vertical direction, and the view
angle or the like may be highly deteriorated due to the rising
of the liquid crystal. Therefore, as in the display device 1D,
when the detection-electrode-for-sensor 44 is disposed so
that a dielectric such as the color filter 42 is interposed
between the liquid crystal layer 6 and the detection-electrode-
for-sensor 44, this issue can be greatly eased.

[3. Modifications (Modifications 1 and 2)]

Next, Modifications 1 and 2 common to the first and second
embodiments will be described. In the description of these
embodiments, as illustrated in FIG. 5, each of the common
electrode 43 and the detection-electrode-for-sensor 44 is
formed as the plurality of the electrode patterns, and the
electrode patterns of the common electrode 43 and those of
the detection-electrode-for-sensor 44 are formed to extend
while crossing each other. However, the configurations of the
common electrode 43 and the detection-electrode-for-sensor
44 are not limited to this example. Incidentally, in the follow-
ing description, elements identical to those of the first and
second embodiments are indicated by the same reference
characters as those of the first and second embodiments, and
some of the description of these elements will be omitted as
appropriate.

(Modification 1)

FIG. 22 is a perspective diagram that illustrates the con-
figuration of a main part (common electrode and detection-
electrode-for-sensor) of a display device with a touch sensor
according to Modification 1. As illustrated in FIG. 22, the
common electrode 43 may be formed as a single solid elec-
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trode, and at the same time, the detection-electrode-for-sen-
sor 44 may be formed as a plurality of individual electrodes
arranged in a matrix form. In this case, it is possible to imme-
diately identify a touched position based on the detection
signal Vdet from each of the individual electrodes configur-
ing the detection-electrode-for-sensor 44.

(Modification 2)

FIG. 23 is a perspective diagram that illustrates the con-
figuration of a main part (common electrode and detection-
electrode-for-sensor) of a display device with a touch sensor
according to Modification 2. As illustrated in FIG. 23, the
common electrode 43 may be formed as a plurality of stripe-
shaped electrode patterns like those in FIG. 5, while the
detection-electrode-for-sensor 44 may be formed as a plural-
ity of individual electrodes arranged in a matrix form like
those in FIG. 22. In this case as well, it is possible to perform
the detection while sequentially scanning the plurality of
electrode patterns of the common electrode 43 with the com-
mon drive signal Vcom.

4. Application Examples

Now, with reference to FIG. 24 through FIG. 28G there will
be described application examples of the display device with
the touch sensor described above in the first and second
embodiments and the modifications. The display device
according to any of the above-described embodiments and the
like can be applied to electronic units in all fields, such as
television receivers, digital cameras, laptop computers, por-
table terminal devices such as portable telephones, and video
cameras. In other words, the display device according to any
of the above-described embodiments and the like can be
applied to electronic units in all fields, which display exter-
nally input or internally produced video signals as a still or
moving image.

Application Example 1

FIG. 24 is an external view of a television receiver to which
the display device according to any of the above-described
embodiments and the like is applied. This television receiver
has, for example, a video display screen section 510 that
includes a front panel 511 and a filter glass 512. The video
display screen section 510 is configured by using the display
device according to any of the above-described embodiments
and the like.

Application Example 2

FIGS. 25A and 25B are external views of a digital camera
to which the display device according to any of the above-
described embodiments and the like is applied. This digital
camera includes, for example, a flash emitting section 521, a
display section 522, a menu switch 523, and a shutter release
524. The display section 522 is configured by using the dis-
play device according to any of the above-described embodi-
ments and the like.

Application Example 3

FIG. 26 is an external view of a laptop computer to which
the display device according to any of the above-described
embodiments and the like is applied. This laptop computer
includes, for example, a main section 531, a keyboard 532
used to enter characters and the like, and a display section 533
that displays an image. The display section 533 is configured
by using the display device according to any of the above-
described embodiments and the like.
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Application Example 4

FIG. 27 is an external view of a video camera to which the
display device according to any of the above-described
embodiments and the like is applied. This video camera
includes, for example, a main section 541, alens 542 disposed
on a front face of the main unit 541 to shoot an image of a
subject, a start/stop switch 543 used at the time of shooting,
and a display section 544. The display section 544 is config-
ured by using the display device according to any of the
above-described embodiments and the like.

Application Example 5

FIGS. 28A through 28G are external views of a portable
telephone to which the display device according to any of the
above-described embodiments and the like is applied. This
portable telephone includes, for example, an upper housing
710, a lower housing 720, a coupling section (hinge section)
730 that couples the upper and lower housings 710 and 720 to
each other, a display 740, a sub-display 750, a picture light
760, and a camera 770. The display 740 or sub-display 750 is
configured by using the display device according to any ofthe
above-described embodiments and the like.

(Other Modifications)

The present invention has been described with reference to
the first and second embodiments, modification and applica-
tion examples. However, the present invention is not limited
to these embodiments and the like and may be variously
modified.

For example, it is conceivable that the amount of noise
caused by the image writing as described above in the
embodiments and the like may vary depending on the position
on the display device (touch sensor). Therefore, in order to
deal with the position dependence of the amount of noise, it is
preferable to prepare, for each of a plurality of areas, the
operation expression or lookup table mentioned above in the
description of the embodiments and the like.

Further, the second embodiment has been described by
taking the liquid crystal element in FFS mode as an example
of use of the lateral-electric-field mode. However, a liquid
crystal in IPS mode may be similarly employed.

Furthermore, in the above-described embodiments and the
like, there has been described the display device that employs
the liquid crystal element as a display element. However, the
above-described embodiments and the like may be applied to
a display device that uses other type of display element such
as an organic electro luminescence element.

In addition, in the above-described embodiments and the
like, there has been described the case where the touch sensor
is mounted inside the display device. However, the present
invention may be applied to, for example, a case where the
touch sensor is of an external type and mounted outside the
display device.

Moreover, any of the series of processes in the above-
described embodiments and the like may be performed by not
only hardware but software. When the series of processes is
performed by software, a program of the software is installed
on a general-purpose computer or the like. Such a program
may be recorded beforehand in a recording medium built in
the computer.

The present application contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2009-120222 filed in the Japan Patent Office on May 18,
2009, the entire content of which is hereby incorporated by
reference.
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It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A display device comprising:

a plurality of display pixel electrodes;

a common electrode facing the display pixel electrodes;

a display function layer having an image display function;

a display control circuit performing image display control
by applying a pixel voltage to each of the display pixel
electrodes and applying a common drive voltage peri-
odically to the common electrode, the common drive
voltage inverting in synchronization with a drive cycle
of the image display control;

a touch detection electrode having a capacitance with the
common electrode; and

a touch detection circuit performing a detection operation
of detecting an external proximity object, based on a
detection signal obtained from the touch detection elec-
trode,

wherein the touch detection circuit performs the detection
operation in a period of time following an inversion
timing of the common drive voltage and only during a
time preceding an image-signal writing operation, based
on both a first detection signal obtained during a time
after another image-signal writing operation and before
the inversion timing, and a second detection signal
obtained after the inversion timing and before an image-
signal writing operation;

afirst noise-eliminated detection signal is obtained by sub-
tracting a predetermined first value from the first detec-
tion signal, a second noise-eliminated detection signal is
obtained by subtracting a predetermined second value
from the second detection signal; and

the touch detection circuit performing the detection opera-
tion to detect the external proximity object by compar-
ing the first noise-eliminated detection signal and a pre-
determined threshold value, and further wherein the first
noise-eliminated detection signal is a pre-inversion
noise eliminated detection signal and the second noise-
eliminated detection signal is a post-inversion noise
eliminated detection signal and the first and second pre-
determined values are different from each other.

2. The display device according to claim 1, wherein

the touch detection circuit obtains a noise-eliminated
detection signal through eliminating the post-inversion
noise from the second detection signal, the post-inver-
sion noise being caused by the image-signal writing
operation for image display before the inversion timing
and affecting the second detection signal, and then

the touch detection circuit performs the detection operation
in the inversion period following the inversion timing
with use of the noise-eliminated detection signal.

3. The display device according to claim 2, wherein

the touch detection circuit determines the pre-inversion
noise, which is caused by the image-signal writing
operation for image display before the inversion timing
and affects the first detection signal, and then

the touch detection circuit obtains the noise-eliminated
detection signal based on the determined pre-inversion
noise.

4. The display device according to claim 3, wherein

the touch detection circuit determines the post-inversion
noise based on the pre-inversion noise, and
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the touch detection circuit obtains the noise-eliminated
detection signal by subtracting the determined post-in-
version noise from the second detection signal.

5. The display device according to claim 1, wherein the
touch detection circuit obtains the first detection signal at a
timing immediately before the inversion timing.

6. The display device according to claim 1, wherein the
touch detection circuit performs the detection operation at
timing preceding the image-signal writing operation for
image display, in the inversion period following the inversion
timing.

7. The display device according to claim 1, further com-
prising:

a circuit substrate with the display control circuit therein;

and

an opposed substrate facing the circuit substrate,

wherein the display pixel electrodes are disposed on a side

close to the opposed substrate, on the circuit substrate,
the common electrode is disposed on a side close to the
circuit substrate, on the opposed substrate, and

the display function layer is disposed to be inserted

between the display pixel electrode on the circuit sub-
strate and the common electrode on the opposed sub-
strate.

8. The display device according to claim 7, wherein the
display function layer is a liquid crystal layer.

9. The display device according to claim 1, further com-
prising:

a circuit substrate with the display control circuit therein;

and

an opposed substrate facing the circuit substrate,

wherein the common electrode and the display pixel elec-

trode are stacked in order, with an insulating layer in
between, on the circuit substrate, and

the display function layer is disposed to be inserted

between the display pixel electrode on the circuit sub-
strate and the opposed substrate.

10. The display device according to claim 9, wherein the
display function layer is a liquid crystal layer which operates
in a lateral-electric-field mode.

11. The display device according to claim 1, wherein the
touch detection electrode is divided into a plurality of stripe-
shaped electrode patterns.

12. The display device according to claim 11, wherein the
display control circuit drives the plurality of electrode pat-
terns in such a manner that a group of electrode patterns
selected from the plurality of electrode patterns are driven at
a time, selection of the group being sequentially shifted.

13. The display device according to claim 1, wherein the
first detection signal is obtained from the detection electrode
that is excited by the common electrode with a common drive
voltage and the common drive voltage inverts in synchroni-
zation with a drive cycle of the image display.

14. An electronic unit comprising a display device with a
touch sensor, the display device including:

a plurality of display pixel electrodes;

a common electrode facing the display pixel electrodes;

a display function layer having an image display function;

a display control circuit performing image display control

by applying a pixel voltage to each of the display pixel
electrodes and applying a common drive voltage to the
common electrode, the common drive voltage periodi-
cally inverting in synchronization with a drive cycle of
the image display control;

a touch detection electrode having a capacitance with the

common electrode; and
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a touch detection circuit performing a detection operation
of detecting an external proximity object, based on a
detection signal obtained from the touch detection elec-
trode,

wherein the touch detection circuit performs the detection 5
operation in a period of time following an inversion
timing of the common drive voltage and only during a
time preceding an image-signal writing operation, based
on both a first detection signal obtained before the inver-
sion timing and a second detection signal obtained after 10
the inversion timing;

afirst noise-eliminated detection signal is obtained by sub-
tracting a predetermined first value from the first detec-
tion signal, a second noise-eliminated detection signal is
obtained by subtracting a predetermined second value 15
from the second detection signal; and

the touch detection circuit performing the detection opera-
tion to detect the external proximity object by compar-
ing the first noise-eliminated detection signal, the sec-
ond noise-eliminated detection signal and a 20
predetermined threshold value, and further wherein the
first noise-eliminated detection signal is a pre-inversion
noise eliminated detection signal and the second noise-
eliminated detection signal is a post-inversion noise
eliminated detection signal and the first and second pre- 25
determined values are different from each other.
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